
(19) United States 
US 20120272666A1 

(12) Patent Application Publication (10) Pub. No.: US 2012/0272666 A1 
Watanabe et al. (43) Pub. Date: Nov. 1, 2012 

(54) MAGNETIC HEAT PUMP SYSTEM 

(75) Inventors: Naoki Watanabe, Kariya-city (JP); 
Kazutoshi Nishizawa, 
Toyoake-city (JP); Shinichi 
Yatsuzuka, Nagoya-city (JP); 
Tsuyoshi Morimoto, Obu-city (JP) 

(73) Assignee: DENSO CORPORATION, 
Kariya-city (JP) 

(21) Appl. No.: 13/455,432 

Publication Classification 

(51) Int. Cl. 
F2SB 2L/00 (2006.01) 

(52) U.S. Cl. ........................................................... 62A31 

(57) ABSTRACT 

In a magnetic heat pump system, in which heat transport 
medium is heated or cooled by magnetocaloric effect material 
accommodated in a magnetic heat pump device. A material 
having a coefficient of thermal conductivity, which is higher 
than that of the heat transport medium, or a material having a 
specific heat or a Volume specific heat, which is higher than (22) Filed: Apr. 25, 2012 
that of the heat transport medium, is mixed in the heat trans 

(30) Foreign Application Priority Data port medium. A coefficient of thermal conductivity of the heat 
transport medium is thereby increased so as to increase heat 

Apr. 28, 2011 (JP) ................................. 2011-102O67 ing and/or cooling performance of the magnetic heat pump 
Dec. 15, 2011 (JP) ................................. 2011-274527 system. 

3. COOLER 2 
. UNIT 

(PASSENGER 
COMPARTMENT) 16B 

7. / HEATER HEATER - 6 
51 UNIT, LCORE 4 

  



Patent Application Publication Nov. 1, 2012 Sheet 1 of 9 US 2012/0272666 A1 

COOLER 
. UNIT 

(PASSENGER 
COMPARTMENT) 1 

C. WATER H. WATER "" | PUMP "a" 

  

  

  



Patent Application Publication Nov. 1, 2012 Sheet 2 of 9 US 2012/0272666 A1 

F.G. 2A 

22 

2 N2 
NS 2 

2 www.u. YYZZYYwNwauwww.vuuwww.wo N2 2Nissis 
20 

30A 

IIA 13 12 - 
27 2 35 39 y 35 25/26 37 as , 3738 24 226 2. 

SN all 

N NSSES 
INNIN S. \ SSS 

XXXXXX 

NYINN XXXXXXXXXN 

NTNKZEENTyyyyy 
31, 22, 23 238 3332,314 2326 

  

  

  

  

  

  

  

  



Patent Application Publication Nov. 1, 2012 Sheet 3 of 9 US 2012/0272666 A1 

F. G. 3A 
  



Patent Application Publication Nov. 1, 2012 Sheet 4 of 9 US 2012/0272666 A1 

FG. A.A   



Patent Application Publication Nov. 1, 2012 Sheet 5 of 9 US 2012/0272666 A1 

ex N 
A4AAAAalaa A4AAAA 

www.ww.xxxHxxwestwwwows 

  

  

  

  

  

  

  





Patent Application Publication Nov. 1, 2012 Sheet 7 of 9 US 2012/0272666 A1 

FG. A 
  



Patent Application Publication Nov. 1, 2012 Sheet 8 of 9 US 2012/0272666 A1 

2. 
O 

- 
CD 
li 

1. 

f 

e 
O 
- 
- 

  



Patent Application Publication Nov. 1, 2012 Sheet 9 of 9 US 2012/0272666 A1 

FIG. 10A 

KXOXO. C 
C N 

  

  



US 2012/0272666 A1 

MAGNETIC HEAT PUMP SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is based on Japanese Patent Appli 
cations No. 2011-102067 filed on Apr. 28, 2011 and No. 
2011-274527 filed on Dec. 15, 2011, the disclosures of which 
are incorporated herein by reference. 

TECHNICAL FIELD 

0002 The present disclosure relates to a magnetic heat 
pump system and an air conditioning apparatus having the 
SaC. 

0003. According to the present disclosure, heat transport 
medium is used in the magnetic heat pump system, wherein 
Such material as having a coefficient of thermal conductivity, 
or such material as having a specific heat or a Volume specific 
heat, higher than that of the heat transport medium is mixed in 
the heat transport medium. With such heat transport medium, 
the magnetic heat pump system and the air conditioning appa 
ratus having the same are provided, according to which cool 
ing capacity as well as heating capacity is increased. 

BACKGROUND 

0004. A magnetic heat pump system is known in the art, 
for example, as disclosed in Japanese Patent No. 4387892, as 
a heat pump system of an air conditioning apparatus for a 
vehicle, for example, an air conditioning apparatus for a 
motor vehicle or a railroad vehicle. In the magnetic heat pump 
system, a certain kind of magnetic material (which is referred 
to as "magnetic working material” in the above Japanese 
Patent, but referred to as “magnetocaloric effect material” in 
this disclosure) is used. When magnetic field is applied to the 
magnetocaloric effect material, heat is generated in the mag 
netocaloric effect material, while when the magnetic field is 
removed, temperature thereof is decreased (this phenomenon 
is called as “magnetocaloric effect”). 
0005. When compared with a gas heat pump system, since 
chlorofluorocarbon or alternatives for chlorofluorocarbon is 
not used for the magnetic heat pump system, it is environ 
mentally friendly. In addition, since a compression stroke and 
an expansion stroke, which are necessary for the gas heat 
pump system using a compressor, are not required for the 
magnetic heat pump system, energy efficiency is high. Com 
ponents, which are necessary for the magnetic heat pump 
system, are (i) a pump for moving heat transport medium so 
that it passes through magnetocaloric effect material in order 
to carry out heat exchange therewith and (ii) a magnetic field 
changing device for changing magnetic field to be applied to 
the magnetocaloric effect material. 
0006. In a conventional magnetic heat pump system or in 
a conventional air conditioning apparatus having the mag 
netic heat pump system, water or anti-freeze liquid (LLC: a 
long life coolant) is used as heat transport medium, which 
passes through the magnetocaloric effect material so that heat 
exchange is carried out between the heat transport medium 
and the magnetocaloric effect material. The water or the 
anti-freeze liquid is generally used as heat transporting 
medium but heat-exchange performance is not high. 
0007. Therefore, in a case that a cooling performance will 
be increased for the magnetic heat pump system, in which the 
water or the anti-freeze liquid is used, it is necessary to make 
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the magnetic heat pump system larger in its size. It is, then, a 
disadvantage that weight of the magnetic heat pump system 
will be increased. 

SUMMARY OF THE DISCLOSURE 

0008. The present disclosure is made in view of the above 
points. It is an object of the present disclosure to provide a 
magnetic heat pump system and/or an air conditioning appa 
ratus having the magnetic heat pump system, according to 
which heat transport medium having a high coefficient of 
thermal conductivity is used so that heat exchange between 
the heat transport medium and magnetocaloric effect material 
can be effectively carried out. As a result, the cooling perfor 
mance can be increased without making the magnetic heat 
pump system larger in its size. 
0009. According to a feature of the present disclosure (for 
example, as defined in the appended claim 1), a magnetic heat 
pump system has: 
0010 a magnetic heat pump device; 
0011 aheat radiating device for radiating heat of the heat 
transport medium discharged from the one end of the con 
tainer to an outside of the heat radiating device; and 
0012 a heat absorbing device for absorbing heat from an 
outside of the heat absorbing device into the heat transport 
medium discharged from the other end of the container. 
0013 The magnetic heat pump device has: 
0014 a container in which magnetocaloric effect material 

is accommodated and through which heat transport medium 
passes; 
0015 a magnetic field changing unit for changing degree 
of magnetic field to be applied to the magnetocaloric effect 
material; and 
0016 a working fluid moving unit for moving the heat 
transport medium in a reciprocating manner in the container, 
so that the heat transport medium is Sucked into the container 
through one end of the container and the heat transport 
medium is discharged from the container through the other 
end of the container and vice versa. 
0017 And in the above magnetic heat pump system, one 
of the following first and second materials is mixed in the heat 
transport medium; 

0.018 first material having a coefficient of thermal con 
ductivity, which is higher than that of the heat transport 
medium, and 

0.019 second material having a specific heat or a vol 
ume specific heat, which is higher than that of the heat 
transport medium. 

0020. According to the above feature, the coefficient for 
the thermal conductivity is increased and thereby heat 
exchange between the magnetocaloric effect material and the 
heat transport medium can be effectively (at a high speed) 
carried out. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The above and other objects, features and advan 
tages of the present disclosure will become more apparent 
from the following detailed description made with reference 
to the accompanying drawings. In the drawings: 
0022 FIG. 1 is a schematic view showing an entire struc 
ture of an air conditioning apparatus for a vehicle having a 
magnetic heat pump system according to a first embodiment 
of the present disclosure; 
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0023 FIG. 2A is a schematic cross sectional view showing 
a detailed structure of a magnetic heat pump device shown in 
FIG. 1: 
0024 FIG.2B is a schematic cross sectional view showing 
another example for the structure of the magnetic heat pump 
device shown in FIG. 1; 
0.025 FIG. 3A is a schematic cross sectional view taken 
along a line IIIA-IIIA in FIG. 2A or FIG. 2B: 
0026 FIG. 3B is a schematic perspective view showing a 
container for accommodating magnetocaloric effect material; 
0027 FIG. 3C is a schematic perspective view showing a 
rotor having permanent magnets; 
0028 FIG. 4A is a view showing a condition of heat trans 
port medium, in which a coefficient of thermal conductivity is 
high; 
0029 FIG. 4B is a view showing a condition of the heat 
transport medium, in which a coefficient of thermal conduc 
tivity is low: 
0030 FIG. 4C is a view showing a condition, in which the 
heat transport medium is agitated; 
0031 FIG. 4D is a view showing a condition, in which 
minute magnetic material is mixed in the heat transport 
medium and Such heat transport medium is agitated; 
0032 FIG. 5A is a schematic perspective and exploded 
view showing an agitating unit for the container according to 
a second embodiment of the present disclosure; 
0033 FIG.5B is a schematic cross sectional view showing 
a magnetic heat pump device, in which the agitating unit of 
FIG. 5A is incorporated; 
0034 FIG. 5C is a schematic cross sectional view taken 
along a line VC-VC in FIG. 5B; 
0035 FIGS. 6A, 6B, 6C, 6D, 6E and 6F are schematic 
views, each of which shows a condition of the rotor in its 
respective rotating position for explaining a rotating opera 
tion of a stirring bar, 
0036 FIG. 7 is a schematic view showing an agitating unit 
(an agitating structure) according to a third embodiment of 
the present disclosure for explaining a structure of the agitat 
ing unit; 
0037 FIG. 8A is a schematic perspective view of the agi 
tating unit (the agitating structure); 
0038 FIG. 8B is a schematic front view of the agitating 

unit; 
0039 FIG. 8C is a schematic view showing movement of 
the heat transport medium passing through the container; 
0040 FIG. 9A is a schematic front view showing a con 
tainer according to a first modification of the third embodi 
ment, 
0041 FIG.9B is a schematic view showing movement of 
the heat transport medium passing through the container of 
FIG.9A; 
0042 FIG. 9C is a schematic front view showing a con 
tainer according to a second modification of the third embodi 
ment, 
0043 FIG.9D is a schematic view showing movement of 
the heat transport medium passing through the container of 
FIG.9C; 
0044 FIG. 10A is a schematic perspective view showing a 
container according to a third modification of the third 
embodiment; and 
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0045 FIG. 10B is a schematic top plan view showing a 
container according to a fourth modification of the third 
embodiment. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0046. The present disclosure will be explained by way of 
multiple embodiments with reference to the drawings. The 
same reference numerals are used throughout the embodi 
ments for the purpose of designating the same or similar parts 
and/or components. 

First Embodiment 

0047 FIG. 1 shows a structure of an air conditioning appa 
ratus 10 for a vehicle, to which a magnetic heat pump system 
30 according to the present embodiment is applied. Some 
components of the air conditioning apparatus 10 are mounted 
in a passenger compartment side of the vehicle. A cooler unit 
2 (a heat absorbing device) is provided in a main body hous 
ing 1 of the apparatus 10. A cold air passage 3 and a hot air 
passage 4 are formed in the housing 1 at a downstream side of 
the cooler unit 2, wherein a heater unit 5 (a heat radiating 
device) and a heater core 6 are provided in the hot air passage 
4 for radiating heat from heat transport medium to an outside 
thereof. An air-mix door 7 is provided at upstream ends of the 
cold air passage 3 and the hot air passage 4 so as to control 
flow of cold air having passed through the cooler unit 2. As a 
result, the cold air is controlled to flow through either the cold 
air passage 3 or the hot air passage 4. 
0048. A magnetic heat pump device 30A of the magnetic 
heat pump system 30, which is composed of a cold water 
generating portion 11, a hot water generating portion 12 and 
a reciprocating pump 13 (a working fluid moving device for 
moving the heat transport medium), is arranged in an engine 
room of the vehicle. The magnetic heat pump device 30A is 
operated by a motor 20 via a rotational shaft 21. As explained 
below, the reciprocating pump 13 moves the heat transport 
medium in a reciprocating manner. More detailed inside 
structure of the magnetic heat pump device 30A will be 
explained below. 
0049. The coldwater generating portion 11 cools down the 
heat transport medium by magnetic action. The heat transport 
medium, which is cooled down by the cold water generating 
portion 11, is discharged by the reciprocating pump 13 into a 
cold water circulation pipe 15 (a first circulation pipe) and 
supplied to the cooler unit 2. The heat transport medium is 
then returned to the cold water generating portion 11. 
0050. The hot water generating portion 12 heats up the 
heat transport medium by the magnetic action. The heat trans 
port medium, which is heated by the hot water generating 
portion 12, is discharged by the reciprocating pump 13 into a 
hot water circulation pipe 16 (a second circulation pipe) and 
supplied to the heater unit 5. The heat transport medium is 
then returned to the hot water generating portion 12. 
0051. According to the air conditioning apparatus 10, 
engine cooling water, which has cooled down an internal 
combustion engine 8, is supplied to the heater core 6 provided 
in the hot air passage 4 via a hot water circuit 9, so that the air 
passing through the hot air passage 4 is heated by not only the 
heater unit 5 but also the heater core 6. 

0.052 A structure for the cold water circulation passage 15 
as well as a structure for the hot water circulation passage 16 
will be explained. The cold water generating portion 11 has 
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multiple cylinders, to each of which a branch-out pipe 15A is 
connected. The multiple branch-out pipes 15A are collected 
at a supply pipe 15B, so that the heat transport medium is 
supplied to the cooler unit 2. The heat transport medium 
discharged from the cooler unit 2 flows to the cold water 
generating portion 11 via a return pipe 15C and finally Sup 
plied (distributed) into the respective cylinders via respective 
branch-out pipes 15D, each of which is connected to the 
respective cylinders. 
0053 A bypass pipe 17A (a first bypass passage) is pro 
vided between the supply pipe 15B and the return pipe 15C, 
so that a fluid passage (for the heat transport medium) 
bypasses the cooler unit 2. One end of the bypass pipe 17A is 
directly connected to the return pipe 15C, while the other end 
of the bypass pipe 17A is connected to the supply pipe 15B 
via a first switching valve 17. 
0054. In a heating operation of the air conditioning appa 
ratus 10, the flow of the heat transport medium in the supply 
pipe 15B to the cooler unit 2 is blocked by the first switching 
valve 17, so that the heat transport medium is returned to the 
cold water generating portion 11 via the bypass pipe 17A. In 
addition, a third switching valve 19 is provided in the return 
pipe 15C at an upstream side of the branch-out pipes 15D. A 
bypass pipe 19A (a third bypass passage) is connected to the 
third switching valve 19, so that the heat transport medium 
may be returned to the branch-out pipes 15D via an outdoor 
unit 14. 
0055. Therefore, in the heating operation, the heat trans 
port medium in the returnpipe 15C flows into the bypass pipe 
19A, via the third switching valve 19 so as to absorb heat from 
outside air in the outdoor unit 14. Then, the heat transport 
medium flows again into the return pipe 15C and to the 
branch-out pipes 15D, so that the heat transport medium is 
finally returned to the cold water generating portion 11. 
0056. In a similar manner to the cold water generating 
portion 11, the hot water generating portion 12 has multiple 
cylinders for heating the heat transport medium to generate 
the hot water. Each one end of multiple branch-out pipes 16A 
is respectively connected to each of the cylinders, while other 
ends of the branch-out pipes 16A are collected at a supply 
pipe 16B, so that the heat transport medium is supplied to the 
heater unit 5. The heat transport medium discharged from the 
heater unit 5 flows to the hot water generating portion 12 via 
a return pipe 16C and finally supplied (distributed) into the 
respective cylinders via respective branch-out pipes 16D, 
each of which is connected to the respective cylinders. 
0057. In addition, a second switching valve 18 is provided 
in the return pipe 16C at an upstream side of the branch-out 
pipes 16D. A bypass pipe 18A (a second bypass passage) is 
connected to the second switching valve 18, so that the heat 
transport medium may be returned to the branch-out pipes 
16D via the outdoor unit 14. 
0058. Therefore, the heat transport medium in the return 
pipe 16C flows into the bypass pipe 18A via the second 
Switching valve 18 depending on a valve position thereof so 
as to absorb heat from outside air in the outdoor unit 14. Then, 
the heat transport medium flows again into the return pipe 
16C and to the branch-out pipes 16D, so that the heat trans 
port medium is finally returned to the hot water generating 
portion 12. 
0059. The inside structures of the magnetic heat pump 
device 30A (the cold water generating portion 11, the hot 
water generating portion 12 and the reciprocating pump 13) 
will be explained with reference to FIGS. 2A, 2B and 3A to 
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3C. FIG. 2A shows an example of the magnetic heat pump 
device 30A, in which a radial-piston type pump is used as the 
reciprocating pump 13, while FIG. 2B shows another 
example of the magnetic heat pump device 30A, in which a 
Swash-plate type compressor is used as the reciprocating 
pump 13. 
0060. The inside structure of the cold water generating 
portion 11 and the inside structure of the hot water generating 
portion 12, which are provided at both sides of the recipro 
cating pump 13, are identical to each other. Therefore, the 
same reference numerals are given to the same parts and/or 
portions. The structure of the cold water generating portion 
11 will be explained as a representing example, when the 
radial-piston type pump is used as the reciprocating pump 13. 
0061 The cold water generating portion 11 has a cylindri 
cal yoke 24, which is coaxially arranged with the rotational 
shaft 21. A rotor 22 has a pair of rotor members, each having 
a sector form in its cross section, as shown in FIG. 3A or 3C. 
The rotor members are opposing to each other with respect to 
the rotational shaft 21. A permanent magnet 23 is provided at 
an outer peripheral Surface of each sector formed rotor mem 
ber. An outer Surface of one magnet 23 is magnetized as 
N-pole, while an outer surface of the other magnet 23 is 
magnetized as S-pole. 
0062 Multiple (six) containers 25, in which magnetoca 
loric effect material 26 (having magnetocaloric effect) is 
filled, are arranged between an outside of a rotational excur 
sion of the magnets 23 and an inside of the yoke 24. The heat 
transport medium can pass through the containers 25, which 
are filled with the magnetocaloric effect material. 
0063. The multiple containers 25 for the cold water gen 
erating portion 11 are collectively referred to as a first con 
tainer unit, while the multiple containers 25 for the hot water 
generating portion 12 are collectively referred to as a second 
container unit. 
0064. As shown in FIG. 3B, each of the containers 25 has 
a hollow sector form in its cross section and pellet type 
magnetocaloric effect material 26 are filled into an inside 
space of each container 25. Both axial ends of the container 25 
are closed by meshed end plates 25M so that the magnetoca 
loric effect material 26 is held in the container 25. Working 
fluid (liquid) flows into the inside of the container 25 through 
the meshed end plate 25Matone axial end of the container 25, 
passes through spaces among the magnetocaloric effect mate 
rial 26, and flows out to the outside through the meshed end 
plate 25M at the other axial end of the container 25. 
0065 According to the present embodiment, the six con 
tainers 25, each having the same shape to the other, are 
arranged at the inside of the cylindrical yoke 24. The perma 
nent magnets 23 fixed to the outer periphery of the rotor 22 are 
rotated in a space formed by inner peripheral surfaces of the 
containers 25. The rotor 22, the permanent magnets 23 and 
the yoke 24 work as a portion for changing magnetic field to 
be applied to the magnetocaloric effect material 26 filled in 
the containers 25 (They are collectively referred to as a mag 
netic-field changing unit). 
0066. As shown in FIG. 2A, the reciprocating pump 13 is 
composed of the radial-piston type pump, wherein a housing 
for the pump 13 is integrally formed with the cylindrical yoke 
24 for the cold water and hot water generating portions 11 and 
12. Six cylinders 34 (corresponding to the number of the 
containers 25) are formed in the radial-piston type pump 13 in 
a radial pattern with respect to the rotational shaft 21. A 
reciprocating piston 33 is movably provided in each of the 
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cylinders 34. A control cam member 32A is formed in the 
rotational shaft 21 to be rotated by the motor 20, wherein the 
cam member 32A is eccentrically formed with the rotational 
shaft 21. Each axial inner end of the pistons 33 is in contact 
with an outer profile of the control cam member 32A. When 
the control cam member 32A is rotated by one rotation (360 
degree rotation), each of the pistons 33 is reciprocated one 
time in the respective cylinder. A side wall of each cylinder 
34, which is located at an axial outer end of the piston33, that 
is, at a position remote from the rotational shaft 21, is con 
nected to an axial end of the corresponding containers 25 for 
the cold water and hot water generating portions 11 and 12 
through respective communication passages 38. 
0067. According to the present embodiment shown in 
FIG. 2A, an outside end plate 29 is attached to an axial outer 
end of the cold water generating portion 11, which is on a side 
(a left-hand side in the drawing) remote from the radial-piston 
pump 13. An inlet valve 28 for allowing the heat transport 
medium to flow into the container 25 and an outlet valve 27 
for allowing the heat transport medium to flow out from the 
container 25 are provided in the outside end plate 29 at such 
portions to be communicated to the inside space of each 
container 25. 
0068. Each of the branch-out pipes 15A for the supply 
pipe 15B is connected to the respective outlet valve 27, while 
each of the branch-out pipes 15D for the return pipe 15C is 
connected to the respective inlet valve 28. In the case of the 
radial-piston pump 13, a rotational positional of the perma 
nent magnets 23 with respect to the rotational shaft 21 for the 
cold water generating portion 11 is displaced from that for the 
hot water generating portion 12 by 90 degrees. 
0069. According to the present embodiment shown in 
FIG. 2B, which shows another example for the structure of 
the magnetic heat pump device 30A, the reciprocating pump 
13 is composed of the Swash-plate type compressor, which is 
structured as a separate component from the cold watergen 
erating portion 11 and the hot water generating portion 12. 
Six cylinders 34 (corresponding to the number of the contain 
ers 25) are formed in the Swash-plate type pump 13. A recip 
rocating piston 33 is movably provided in each of the cylin 
ders 34. An outer peripheral portion of a Swash plate 32B, 
which is attached to a rotary member 31 to be rotated by the 
motor 20, is operatively engaged with each piston 33. The 
swash plate 32B is attached to the rotary member 31 in an 
inclined condition. When the rotary member 31 is rotated, 
each of the pistons 33 is reciprocated by the Swash plate 32B 
by one time for each revolution of the rotary member 31. 
0070. One of axial ends of each cylinder 34 (a left-hand 
end) is respectively connected to the axial end (the right-hand 
end) of the corresponding container 25 for the cold water 
generating portion 11 via a communication passage 38 
formed in a connecting pipe 37. In a similar manner, the other 
axial end of each cylinder 34 (a right-hand end) is respectively 
connected to the axial end (the left-hand end) of the corre 
sponding container 25 for the hot water generating portion 12 
via a communication passage 38 formed in a connecting pipe 
37. Reference numerals 36 designate gears. 
0071 Referring back to FIG. 2A, in a similar manner to the 
cold water generating portion 11, an outside end plate 29 is 
attached to an axial outer end of the hot water generating 
portion 12, which is on a side (a right-hand side in the draw 
ing) remote from the radial-piston pump 13. An inlet valve 28 
and an outlet valve 27 are likewise provided in the outside end 
plate 29 at such portions to be communicated to the inside 
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space of each container 25. Each of the branch-out pipes 16A 
for the supply pipe 16B is connected to the respective outlet 
valve 27, while each of the branch-out pipes 16D for the 
return pipe 16C is connected to the respective inlet valve 28. 
0072. When the pistons 33 of the radial-piston type pump 
13 are moved so that the heat transport medium is sucked in 
the container 25 of the cold water generating portion 11, the 
heat transport medium is also sucked in the container 25 of the 
hot water generating portion 12 (corresponding to the con 
tainer 25 of the cold water generating portion 11). In case of 
the swash-plate type 13, however, when the heat transport 
medium is sucked in the container 25 of the cold water gen 
erating portion 11, the heat transport medium is pumped out 
from the container 25 of the hot water generating portion 12 
(corresponding to the container 25 of the cold water generat 
ing portion 11). 
0073. When the heat transport medium is pumped out 
from the container 25 of the cold water generating portion 11, 
the magnetic field which has been applied to the magnetoca 
loric effect material 26 in the container 25 will be removed. 
Temperature of the magnetocaloric effect material 26 is then 
decreased and thereby the heat transport medium to be 
pumped out is cooled down. Such cooled-downheat transport 
medium is supplied into the cold water circulation pipe 15. 
0074. On the other hand, when the heat transport medium 

is pumped out from the container 25 of the hot water gener 
ating portion 12, the magnetic field is applied to the magne 
tocaloric effect material 26 in the container 25. Then, heat is 
generated in the magnetocaloric effect material 26 and 
thereby the heat transport medium to be pumped out is heated 
up. Such heated-up heat transport medium is Supplied into the 
hot water circulation pipe 16. The permanent magnets 23 are 
arranged in the rotor 22 so as to carry out the above operation. 
0075 According to the above magnetic heat pump system 
30 and the air conditioning apparatus 10 having Such heat 
pump system 30, Such material having a higher coefficient of 
thermal conductivity than that of the heat transport medium is 
mixed in the heat transport medium. The material, which has 
the higher coefficient of thermal conductivity than that of the 
heat transport medium, includes, for example, carbon nano 
tube, grapheme, alumina, particles of gold and so on. When 
the material having the higher coefficient of thermal conduc 
tivity is mixed in the heat transport medium, a coefficient of 
thermal conductivity for the heat transport medium is 
increased. Therefore, when the heat transport medium passes 
through the container 25, heat exchange is effectively done 
between the heat transport medium and the magnetocaloric 
effect material 26. The heat transport medium can be thereby 
cooled down or heated up within a short time period. 
0076. As a result, in a case that it is not necessary to further 
cool down or heat up the heat transport medium (when com 
pared with a case in which the magnetic heat pump system 30 
is operated with the heat transport medium, in which the 
material having the higher coefficient of thermal conductivity 
is not mixed), flow speed of the heat transport medium pass 
ing through the container 25 can be increased. Therefore, a 
start-up time period can be made shorter for a cooling func 
tion or a heating function of the air conditioning apparatus 10 
in a low temperature condition. On the other hand, in a case 
that the flow speed of the heat transport medium passing 
through the container 25 is maintained at a constant value, 
temperature decrease or temperature increase of the heat 
transport medium having passed through the container 25 
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becomes larger. Therefore, a cooling capacity or a heating 
capacity of the air conditioning apparatus 10 can be 
increased. 
0077 Explanation will be further made for such a case, in 
which the material having the higher coefficient of thermal 
conductivity than that of the heat transport medium (for 
example, carbon nano-tube) is mixed in the heat transport 
medium. As shown in FIG. 4A, in a case that the carbon 
nano-tubes 40 are mixed in heat transport medium 42 con 
tained in a space formed between a pair of flat plates 100 
(which are made of, for example, magnetocaloric effect mate 
rial) and both ends thereofare oriented in the same direction 
toward the flat plates 100, the coefficient of the thermal con 
ductivity is increased. On the other hand, as shown in FIG. 
4B, in a case that the both ends of the carbon nano-tubes 40 
are oriented in the same direction in parallel to the flat plates 
100, the coefficient of the thermal conductivity is not 
increased. In addition, when the carbon nano-tubes 40 clump 
together, the coefficient of the thermal conductivity is not 
increased, either. Even in a case that the other material than 
the carbon nano-tubes 40, which has higher coefficient of the 
thermal conductivity than that of the heat transport medium, 
are mixed in the heat transport medium, the coefficient of the 
thermal conductivity is not increased, either, when such mate 
rial clump together. 
0078. Therefore, as shown in FIG. 4C, it is important to 
prevent the carbon nano-tubes 40 from clumping together and 
not to orient the carbon nano-tubes 40 in the same direction, 
when the carbon nano-tubes 40 mixed in the heat transport 
medium 42 pass through the space between the flatplates 100. 
As shown in FIG. 4C, when the carbon nano-tubes 40 do not 
clump together and are not oriented in the same direction, the 
coefficient of the thermal conductivity of the heat transport 
medium 42 is not decreased. 
0079. One of the methods for preventing the carbon nano 
tubes 40 (which are mixed in the heat transport medium 42) 
from clumping together and for orienting the carbon nano 
tubes 40 in different directions, is that minute magnetic mate 
rial 41 is mixed in the heat transport medium 42 together with 
the carbon nano-tubes 40, as shown in FIG. 4D. Alternatively, 
the minute magnetic material (for example, iron component) 
may be blended to the carbon nano-tubes 40. 
0080. The minute magnetic material 41 or the carbon 
nano-tubes 40 (to which the magnetic material 41 are 
blended) are moved depending on a change of the magnetic 
field applied to the container 25, when the heat transport 
medium 42 passes through the space between the plates 100 
(corresponding to the inside space of the container 25). Since 
the carbon nano-tubes 40 are moved, the directions of the 
carbon nano-tubes 40 are oriented in different directions in 
the heat transport medium 42. Therefore, the coefficient of the 
thermal conductivity for the heat transport medium 42 is not 
decreased, when the heat transport medium 42 passes through 
the space between the plates 100 (the space in the container 
25). 

Second Embodiment 

0081. Another one of the methods for preventing the car 
bon nano-tubes 40 mixed in the heat transport medium 42 
from clumping together and for orienting the carbon nano 
tubes 40 in different directions, is to forcibly mix round the 
heat transport medium in the container 25. A second embodi 
ment of the present disclosure will be explained with refer 
ence to FIGS 5A to 5C and FIGS. 6A to 6F. 
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0082) Agitating structures 50 are shown FIGS. 5A to 5C 
and FIGS. 6A to 6F. 
0083. As shown in FIG. 5A, multiple stirring bars 51 are 
provided in each container 25, wherein the stirring bars 51 are 
rotated in accordance with the change of the magnetic field. 
More in detail, the container 25 is divided into a first container 
portion 25A and a second container portion 25B, and three 
stirring bars 51 are provided at each axial end of the first and 
second container portions 25A and 25B. Multiple frame 
members 53, each of which has a cross section identical to 
that of the first and second container portions 25A and 25B. 
are attached at both axial ends of the first and second con 
tainer portions 25A and 25B. Each of the stirring bars 51 is 
accommodated in each rotating space 52 formed in an inside 
of the frame member 53, so that the stirring bar 51 is rotatable 
in the rotating space 52. Meshed end plates 25M, which are 
the same to the meshed end plates 25M of FIG. 3B, are 
attached to the outer axial ends of the respective frame mem 
bers 53. The meshed endplates 25Mare not always necessary. 
10084 FIG. 5B shows a cross sectional view of the cold 
water generating portion 11, in which another agitating struc 
ture 50 (similar to the structure 50 of FIG. 5A) is incorpo 
rated, when the swash-plate type compressor is used as the 
reciprocating pump 13. FIG.5C is an enlarged cross sectional 
view taken along a line VC-VC in FIG. 5B. As explained 
above, the stirring bars 51 are rotatable in the respective 
rotating spaces 52 of the frame members 53. 
I0085. An operation for the rotation of the stirring bars 51 
will be explained with reference to FIGS. 6A to 6F. Each of 
the stirring bars 51 is magnetized, so that it has N-pole and 
S-pole. 
I0086). An operation is explained for the stirring bar 51A, 
which is shown in a left-most location in each of the drawings 
of FIGS. 6A to 6F. When the rotor 22 is in a position shown in 
FIG. 6A, that is, when the pair of magnets 23 is positioned in 
a horizontal direction, the N-pole of the magnet 23 (a left 
hand side magnet 23 in the drawing, which is referred to as a 
first magnet) straightly faces to the stirring bar 51A. In this 
position, the S-pole of the stirring bar 51 and the N-pole of the 
first magnet 23 attract to each other and the stirring bar 51 is 
oriented in the horizontal direction. 
0087 FIG. 6B shows another position of the rotor 22, 
wherein the rotor 22 is rotated by 60 degrees in a clockwise 
direction from the position of FIG. 6A. In this position, the 
N-pole of the first magnet 23 is separated from the stirring bar 
51A in a right-upper direction. The S-pole of the stirring bar 
51A follows the rotation of the rotor 22 and is rotated in an 
anti-clockwise direction so that the S-pole of the stirring bar 
51A is directed toward the N-pole of the first magnet 23. 
0088 FIG. 6C shows a further position of the rotor 22, 
wherein the rotor 22 is further rotated by 60 degrees in the 
clockwise direction from the position of FIG. 6B. In this 
position, the N-pole of the first magnet 23 is further separated 
from the stirring bar 51A, while S-pole of a second magnet 23 
comes closer to the stirring bar 51A from a lower side. Then, 
the N-pole of the stirring bar 51A is attracted by the S-pole of 
the second magnet 23, so that the N-pole of the stirring bar 
51A is further rotated in the anti-clockwise direction. The 
N-pole of the stirring bar 51A is directed toward the S-pole of 
the second magnet 23. 
0089 FIG. 6D shows a further position of the rotor 22, 
wherein the rotor 22 is rotated by 60 degrees in the clockwise 
direction from the position of FIG. 6C. In this position, the 
pair of magnets 23 is positioned in the horizontal direction 
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and the S-pole of the second magnet 23 straightly faces to the 
stirring bar 51A. In this position, the N-pole of the stirring bar 
51 and the S-pole of the second magnet 23 attract to each 
other and the stirring bar 51 is oriented in the horizontal 
direction. 
0090 FIG. 6E shows a further position of the rotor 22, 
wherein the rotor 22 is rotated by 60 degrees in the clockwise 
direction from the position of FIG. 6D. In this position, the 
S-pole of the second magnet 23 is separated from the stirring 
bar 51A in the right-upper direction. The N-pole of the stir 
ring bar 51A follows the rotation of the rotor 22 and is rotated 
in the anti-clockwise direction so that the N-pole of the stir 
ring bar 51A is directed toward the S-pole of the second 
magnet 23. 
0091 FIG. 6F shows a further position of the rotor 22, 
wherein the rotor 22 is rotated by 60 degrees in the clockwise 
direction from the position of FIG. 6E. In this position, the 
S-pole of the second magnet 23 is further separated from the 
stirring bar 51A, while the N-pole of the first magnet 23 
comes closer to the stirring bar 51A from the lower side. 
Then, the S-pole of the stirring bar 51A is attracted by the 
N-pole of the first magnet 23, so that the S-pole of the stirring 
bar 51A is further rotated in the anti-clockwise direction. The 
S-pole of the stirring bar 51A is directed toward the N-pole of 
the first magnet 23. When the rotor 22 is further rotated by 60 
degrees in the clockwise direction from the position of FIG. 
6F, the rotor 22 is returned to its initial position of FIG. 6A. 
0092. As above, the stirring bar 51A follows the rotation of 
the rotor 22 so as to rotate by itself. When the rotor 22 is 
rotated in the clockwise direction by one revolution, the stir 
ring bar 51A is rotated in the anti-clockwise direction by 360 
degrees. Since the stirring bars 51 are rotated depending on 
the rotation of the rotor 22, the heat transport medium is 
agitated by the stirring bars 51 and then flows into the first and 
second container portions 25A and 25B. 
0093. According to the above second method, the carbon 
nano-tubes 40 mixed in the heat transport medium 42 are 
forcibly mixed round in the container 25, so that the carbon 
nano-tubes 40 are prevented from clumping together and they 
are oriented in different directions. The second method can be 
also applied to a case, in which the other material than the 
carbon nano-tubes, which has a higher coefficient of thermal 
conductivity than that of the heat transport medium, is mixed 
in the heat transport medium. 

Third Embodiment 

0094 FIG. 7 shows another agitating structure for the 
container 25 of the magnetic heat pump device 30A according 
to a third embodiment of the present disclosure. 
0095 For the purpose of simplifying the explanation, a 
shape of the container 25 is shown as a rectangular form. 
However, the shape of the container 25 may be so formed as 
to be in the shape of the first and second embodiments. 
According to the third embodiment, the magnetocaloric 
effect material is formed in a circular column shape 26C or in 
a rectangular column shape 26S and Such magnetocaloric 
effect material 26C and/or 26S are arranged in the container 
25, instead of the pellet type magnetocaloric effect material, 
So as to more effectively agitate the heat transport medium 
passing through the container 25. 
0096 FIGS. 8A to 8C show detailed structure of the agi 
tating structure for the container 25 according to the third 
embodiment. As shown in FIG. 8A, multiple circular columns 
26C of the magnetocaloric effect material are arranged in 
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multiple straight lines from one opening end toward the other 
opening end of the container 25. According to Such a struc 
ture, the heat transport medium (which has been Sucked into 
or which will be discharged from the container 25) flows in a 
ZigZag form, as indicated by a solid line in FIG. 8C, in the 
space between the circular columns 26C of the magnetoca 
loric effect material arranged in the straight lines. As a result, 
the heat transport medium is agitated in the container 25. 

(First Modification) 

(0097 FIGS. 9A and 9B show an agitating structure of the 
container 25 according to a first modification of the third 
embodiment. According to the present modification, multiple 
circular columns 26C of the magnetocaloric effect material 
are arranged in the container 25 from one opening end toward 
the other opening end, wherein a certain number of circular 
columns 26C forms one group and multiple groups of the 
circular columns 26C are located in a ZigZag form. According 
to such a structure, the heat transport medium (which has 
been sucked into or which will be discharged from the con 
tainer 25) flows in a larger ZigZag form, as indicated by a solid 
line, in the spaces between the groups of the circular columns 
26C of the magnetocaloric effect material arranged in the 
ZigZag form. As a result, the heat transport medium is agitated 
in the container 25. 

(Second Modification) 

(0098 FIGS.9C and 9D show an agitating structure of the 
container 25 according to a second modification of the third 
embodiment. According to the present modification, multiple 
rectangular columns 26S of the magnetocaloric effect mate 
rial are arranged in multiple straight lines from one opening 
end toward the other opening end of the container 25. Accord 
ing to Such a structure, the heat transport medium (which has 
been sucked into or which will be discharged from the con 
tainer 25) flows in a ZigZag form, as indicated by a Solid line, 
in the space between the rectangular columns 26S of the 
magnetocaloric effect material arranged in the straight lines. 
As a result, the heat transport medium is agitated in the 
container 25. The rectangular column has angled corners. 
Therefore, when the flow of the heat transport medium col 
lides against the rectangular columns 26S, the flow is dis 
turbed more largely than the case of the third embodiment of 
FIGS. 8A to 8C (the circular columns). As a result, the heat 
transport medium flows in the ZigZag form, which is larger 
than that of the third embodiment of FIGS. 8A to 8C. 

(Third Modification) 

0099 FIG. 10A shows an agitating structure of the con 
tainer 25 according to a third modification of the third 
embodiment. According to the third modification, multiple 
circular columns 26C of the magnetocaloric effect material 
(three columns in the drawing) are arranged in multiple 
straight lines (three lines in the drawing) from one opening 
end toward the other opening end of the container 25. Those 
circular columns 26C (nine columns) belong to a first column 
group, in which each of the circular columns 26C extends in 
a vertical direction. A second column group (other nine cir 
cular columns 26C) is arranged in the container 25 at a down 
stream side of the first column group in a similar manner to 
the first column group, wherein however each of the circular 
columns 26C extends in a horizontal direction. The first and 
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second column groups are alternately arranged in the con 
tainer 25 at a downstream side of a first set of the first and 
second column groups. 
0100. According to the above third embodiment (FIGS. 
8A to 8C) or the first and second modifications (FIGS. 9A to 
9D), the heat transport medium (which has been sucked into 
or which will be discharged from the container 25) flows in 
the ZigZag form only in the horizontal direction, in the space 
between the columns 26C or 26S of the magnetocaloric effect 
material. According to the third modification, however, the 
heat transport medium flows at first in the ZigZag form in the 
horizontal direction and then in the ZigZag form in the vertical 
direction. As a result, the heat transport medium is more 
strongly agitated in the container 25. 

(Fourth Modification) 

0101 FIG. 10B shows an agitating structure of the con 
tainer 25 according to a fourth modification of the third 
embodiment. As shown in FIG. 10B, the circular columns 
26C of FIG. 10A are replaced by the rectangular columns 26S 
in this modification. As in the same manner to the third 
modification (FIG. 10A), the heat transport medium likewise 
flows at first in the ZigZag form in the horizontal direction and 
then in the ZigZag form in the vertical direction. In addition, 
since the rectangular columns 26S are used instead of the 
circular columns 26C, the heat transport medium is further 
more strongly agitated in the container 25. 
0102 The arrangements of the circular columns 26C and/ 
or the rectangular columns 26S of the magnetocaloric effect 
material should not be limited to the above third embodiment 
(including the first to the fourth modifications). The flow of 
the heat transport medium may be rotated in the container 
according to a certain arrangement of the circular and/or 
rectangular columns. 
0103) According to the above embodiments, the material 
40 having the higher coefficient of the thermal conductivity 
than that of the heat transport medium 42 is mixed in the heat 
transport medium 42, in order to increase the coefficient 
thermal conductivity of the heat transport medium, in other 
words, in order to improve heat exchange between the heat 
transport medium and the magnetocaloric effect material 26. 
0104 Instead of the material 40 having the higher coeffi 
cient of the thermal conductivity than that of the heat trans 
port medium 42. Such material as having a specific heat or a 
volume specific heat, which is higher than that of the heat 
transport medium, may be mixed in the heat transport 
medium, so that heat exchange between the heat transport 
medium and the magnetocaloric effect material may be 
improved. 
0105. Latent-heat storage material may be used as the 
material, which has the higher specific heat or the higher 
Volume specific heat than that of the heat transport medium. 
For example, paraffin, erythritol, threitol, naphthaline, poly 
ethylene, Stearic acid and so on may be used as the latent-heat 
storage material. When the latent-heat storage material is 
mixed in the heat transport medium, it may clump together in 
a similar manner to the carbon nano-tubes. Therefore, the heat 
transport medium may be preferably agitated when the latent 
heat storage material is mixed in the heat transport medium in 
order to increase the coefficient of the thermal conductivity. 
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What is claimed is: 
1. A magnetic heat pump system comprising: 
a magnetic heat pump device; 
a heat radiating device for radiating heat of heat transport 

medium, which is discharged from one end of the mag 
netic heat pump device, to an outside of the heat radiat 
ing device; and 

a heat absorbing device for absorbing heat from an outside 
of the heat absorbing device into the heat transport 
medium discharged from the other end of the magnetic 
heat pump device, 

wherein the magnetic heat pump device comprises; 
a container in which magnetocaloric effect material is 

accommodated and through which the heat transport 
medium passes; 

a magnetic field changing unit for changing degree of 
magnetic field to be applied to the magnetocaloric effect 
material; 

a working fluid moving unit for moving the heat transport 
medium in a reciprocating manner in the container, so 
that the heat transport medium is Sucked into the con 
tainer through one end of the container and the heat 
transport medium is discharged from the container 
through the other end of the container and vice versa; 

wherein one of the following first and second materials is 
mixed in the heat transport medium; 
first material having a coefficient of thermal conductiv 

ity, which is higher than that of the heat transport 
medium, and 

second material having a specific heat or a Volume spe 
cific heat, which is higher than that of the heat trans 
port medium. 

2. The magnetic heat pump system according to claim 1, 
wherein 

the first material having the coefficient of thermal conduc 
tivity, which is higher than that of the heat transport 
medium, is selected from one of the following materials; 

carbon nano-tubes, grapheme, alumina, and particles of 
gold. 

3. The magnetic heat pump system according to claim 1, 
wherein 

the second material having the specific heat or the Volume 
specific heat, which is higher than that of the heat trans 
port medium, is composed of latent-heat storage mate 
rial. 

4. The magnetic heat pump system according to claim 3, 
wherein 

the latent-heat storage material is selected from one of the 
following materials; 

paraffin, erythritol, threitol, naphthaline, polyethylene, and 
Stearic acid. 

5. The magnetic heat pump system according to claim 1, 
wherein 

minute magnetic material is further mixed in the heat trans 
port medium. 

6. The magnetic heat pump system according to claim 1, 
wherein 

minute magnetic material is blended to the material having 
the coefficient of the thermal conductivity, which is 
higher than that of the heat transport medium. 

7. The magnetic heat pump system according to claim 1, 
wherein 
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minute magnetic material is blended to the second material 
having the specific heat or the Volume specific heat, 
which is higher than that of the heat transport medium. 

8. The magnetic heat pump system according to claim 1, 
wherein 

an agitating structure is formed in the container for agitat 
ing the heat transport medium. 

9. The magnetic heat pump system according to claim 8. 
wherein 

the agitating structure is composed of: 
a stirring bar movably accommodated in a rotating space 

formed in the container, wherein the stirring bar is 
rotated in accordance with a change of the magnetic 
field; and 

a frame member for forming the rotating space. 
10. The magnetic heat pump system according to claim 8. 

wherein 
the agitating structure is formed in the container by mul 

tiple columns of the magnetocaloric effect material, 
wherein the multiple columns are so arranged that the 
heat transport medium flows through spaces formed 
between the multiple columns and flow of the heat trans 
port medium is disturbed by the multiple columns. 

11. An air conditioning apparatus having the magnetic heat 
pump system according to claim 1, wherein 

the magnetic heat pump device has a first and a second 
container units provided at both sides of the working 
fluid moving unit, wherein each of the first and second 
container units has at least one container, 

the working fluid moving unit has; a rotational shaft driven 
to rotate by a motor; multiple cylinders provided around 
the rotational shaft and respectively connected to each 
container of the first and second container units; and 
multiple pistons movably accommodated in each of the 
cylinders so that each piston is reciprocated in each 
cylinder, wherein the working fluid moving unit moves 
the heat transport medium in Such a manner that the heat 
transport medium is Sucked from the container into the 
corresponding cylinder or the heat transport medium is 
discharged from the cylinder into the corresponding 
container, 

the magnetic field changing unit, which is provided in each 
of the first and second container units, is composed of a 
rotor attached to the rotational shaft and permanent mag 
nets attached to an outer periphery of the rotor, 

a first circulation pipe is connected to the first container 
unit, wherein the heat absorbing device is provided in the 
first circulation pipe, 

a second circulation pipe is connected to the second con 
tainer unit, wherein the heat radiating device is provided 
in the second circulation pipe, 

the magnetic field changing unit provided in the first con 
tainer units removes the magnetic field generated by the 
permanent magnets and to be applied to the magnetoca 
loric effect material, when the heat transport medium is 
discharged from the first container unit into the first 
circulation pipe, and 

the magnetic field changing unit provided in the second 
container unit applies the magnetic field generated by 
the permanent magnets to the magnetocaloric effect 
material, when the heat transport medium is discharged 
from the second container unit into the second circula 
tion pipe. 
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12. The air conditioning apparatus according to claim 11, 
wherein 

a first bypass pipe is provided in the first circulation pipe, so 
that the heat transport medium cooled down in the first 
container unit and discharged from the first container 
unit is returned to the first container unit without passing 
through the heat absorbing device, 

a second bypass pipe is provided in the second circulation 
pipe, wherein an outdoor unit is provided in the second 
bypass pipe so as to absorb heat from outside air into the 
heat transport medium before the heat transport medium 
is returned to the second container unit, 

the heat transport medium in the first circulation pipe is so 
controlled as to flow through the first bypass pipe, when 
the air conditioning apparatus is in its heating operation, 
and 

the heat transport medium in the second circulation pipe is 
So controlled as to flow through the second bypass pipe, 
when the air conditioning apparatus is in its cooling 
operation. 

13. The air conditioning apparatus according to claim 12, 
wherein 

a third bypass pipe is provided in the first circulation pipe, 
wherein an outdoor unit is provided in the third bypass 
pipe so that the heat transport medium is cooled down by 
the outdoor unit before the heat transport medium is 
Sucked into the first container unit when the air condi 
tioning apparatus is in the cooling operation. 

14. An air conditioning apparatus comprising: 
a magnetic heat pump device having a first and a second 

container units in which magnetocaloric effect material 
are accommodated and through which heat transport 
medium passes, magnetic field changing units provided 
in each of the first and second container units for chang 
ing degree of magnetic field to be applied to the magne 
tocaloric effect material, and a working fluid moving 
unit provided between the first and second container 
units for moving the heat transport medium in a recip 
rocating manner in the respective first and second con 
tainer units, so that the heat transport medium is Sucked 
into and/or discharged from the respective container 
units: 

a heat absorbing device for absorbing heat from an outside 
of the heat absorbing device into the heat transport 
medium discharged from the first container unit; 

a heat radiating device for radiating heat of the heat trans 
port medium, which is discharged from the second con 
tainer unit, to an outside of the heat radiating device; 

a first circulation pipe connected to the first container unit, 
wherein the heat absorbing device is provided in the first 
circulation pipe; and 

a second circulation pipe connected to the second container 
unit, wherein the heat radiating device is provided in the 
second circulation pipe, 

wherein the magnetic field changing unit, which is pro 
vided in each of the first and second container units, is 
composed of a rotor attached to a rotational shaft and 
permanent magnets attached to an outer periphery of the 
rotor, 

wherein the magnetic field changing unit provided in the 
first container unit removes the magnetic field generated 
by the permanent magnets and to be applied to the mag 
netocaloric effect material, when the heat transport 
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medium is discharged from the first container unit into 
the first circulation pipe, and 

wherein the magnetic field changing unit provided in the 
second container unit applies the magnetic field gener 
ated by the permanent magnets to the magnetocaloric 
effect material, when the heat transport medium is dis 
charged from the second container unit into the second 
circulation pipe. 

15. The air conditioning apparatus according to claim 14. 
wherein 

a first bypass pipe is provided in the first circulation pipe, so 
that the heat transport medium cooled down in the first 
container unit and discharged from the first container 
unit is returned to the first container unit without passing 
through the heat absorbing device, 

a second bypass pipe is provided in the second circulation 
pipe, wherein an outdoor unit is provided in the second 
bypass pipe so as to absorb heat from outside air into the 
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heat transport medium before the heat transport medium 
is returned to the second container unit, 

the heat transport medium in the first circulation pipe is so 
controlled as to flow through the first bypass pipe, when 
the air conditioning apparatus is in its heating operation, 
and 

the heat transport medium in the second circulation pipe is 
So controlled as to flow through the second bypass pipe, 
when the air conditioning apparatus is in its cooling 
operation. 

16. The air conditioning apparatus according to claim 15, 
wherein 

a third bypass pipe is provided in the first circulation pipe, 
wherein an outdoor unit is provided in the third bypass 
pipe so that the heat transport medium is cooled down by 
the outdoor unit before the heat transport medium is 
Sucked into the first container unit when the air condi 
tioning apparatus is in the cooling operation. 

c c c c c 


